The aim of the study is to determine the pace and directions of changes (understood as: improvement or deterioration) occurring in selected areas of sustainable development of EU Member States. The paper analyzes dynamics of changes in selected areas of sustainable development monitored on the basis of headline indicators published by Eurostat from 2008 to 2015. In the paper, three variants of reference points of synthetic measure of development were considered. On the basis of the obtained results, the countries in which the improvement in the sustainable development and its deterioration can be observed were identified. The results have confirmed the existence of significant developmental disparities between EU Member States in this field, but it should be noted that the obtained results depend on the methodological approach both to the selection of features and the adoption of a specific standardization formula, as well as the considered variants of reference points. The results obtained can be utilized in subsequent years to examine the directions of change observed both from the point of view of European Union as one organization, and the individual EU Member States.
Introduction
The concept of sustainable development is currently one of the most important concepts of civilization development. Its origin dates back to the second half of the twentieth century when this term was used for the first time at the UN Conference in Stockholm on the environment of human life. The first definition of sustainable development was formulated in 1987 in the report 'Our common future', which was created under the auspices of the World Commission on Environment and Development. According to it, sustainable development is "development which meets current needs without the risk that future generations will not be able to meet their needs" (WCED, 1987) . At present, many different definitions of this term are analysed, for example, particular components of sustainable development (economic, natural, or human), elements of space (e.g. sustainable development in the regional context, in cities, etc.) (Borys, 2002; Glavic, Lukman, 2007; Adams, 2009; Borys, 2011; Charlesworth, 2015; Duran, Gogan, Artene, Duran, 2015; Carlucci et al., 2017; Zhu, Hua, 2017) .
The implementation of sustainability rules is conditioned by the access to information collected in various systems (e.g. sectoral, spatial, or temporal) to monitor the current level of implementation of this concept. Time is here one of the most essential dimensions of monitoring, also because the most important sustainability purposes are defined in terms of temporary, usually short-term ones. Time is also important when scheduling a way of realization of strategic goals. In the case of the European Union, one of the strategic development objectives is to reduce disparities between the EU Member States in the area of sustainable development.
It means that two directions of analysis are important in this filed. One of them is connected with the evaluation of the level of diversity of EU countries, while the second -with identification of possible trends in this area. Time is also an important element considered, for example, when determining the pace of adaptation to particular sustainable development goals or determining the time to develop a balance between these goals (Korol, 2007) . That is why it is so important to monitor the pace and direction of change over time in sustainable development.
The aim of the study is to try to determine the pace and directions of changes (understood as: improvement or deterioration) occurring in selected areas of sustainable development of the EU Member States. The paper analyzes dynamics of changes in the value of synthetic measure describing selected areas of sustainable development, monitored on the basis of headline indicators published by Eurostat from 2008 to 2015.
The Sustainable Development Indicators (SDIs) published by Eurostat have a hierarchical structure that reflects the three levels. The headline indicators are at the top of this hierarchical structure, and their purpose is to monitor the most important goals of the sustainable development strategy (Eurostat, 2015) .
The study presented in the paper was conducted in several stages. In the first one, changes were analysed in the spatial diversity of the EU Member States' sustainable development, based on synthetic measures of development calculated on the basis of different reference points.
Three variants of these points were considered: a) the mean value of j-th diagnostic features in the first year of the analysis; b) the mean value of j-th feature in the subsequent years; and c) the coordinates of a so-called 'pattern'. In the next step, the research was carried out in a dynamic perspective. On the basis of the obtained results, the countries in which the improvement in the sustainable development and its deterioration can be observed were identified. The results have confirmed the existence of significant developmental disparities between the EU Member States.
The paper is organized as follows: the second part describes the statistical materials including the indicators description which were utilized in the analysis. The next part presents the stages of the applied method. The fourth part of the paper presents study results divided into two topics: the results of the EU Member States' ranking in the field of sustainable development, and the findings of the dynamic analysis in this area. The final part of the article puts forward conclusions.
Research method

Statistical material
The analyses presented in the paper utilize information on the indicators used to monitor the implementation of the objectives of the EU Sustainable Development Strategy published by Eurostat. These Sustainable Development Indicators (SDIs) have a hierarchical structure that reflects three levels. At the top, there are so-called headline indicators, which monitor the main objectives of the key challenges of the Sustainable Development Strategy. The second level (lower) represents operational indicators, while the third (lowest) level includes the indicators describing actions. There is also information about so-called contextual indicators that are not used directly for measuring sustainability, but can be used as the background for the research (Eurostat, 2015) . In the study of the spatial differentiation, and to estimate trends of the EU countries' sustainable development, headline indicators were used. As already shown in previous works Szopik-Depczyńska et al., 2017) , in the analysis conducted, on this level of the EU sustainable development (monitored on the basis of headline indicators), only 12 indicators describing 8 thematic areas can be applied, but not all of them are available at the EU Member States' level. The analysis does not take into account area 10 -Good governance, which has no headline indicator, and the indicator of natural resources (common bird species) that is available only for some EU Member States in the Eurostat database.
The data set analyzed in the paper covered the information from 2008 to 2015. It was decided that due to the collapse of many of the observed trends in the 2007-2008 crisis, the first period to be included in the study will be 2008. In addition, due to the gaps in country-specific sustainability data for 2016, it was decided that the research would be completed on the data from 2015. To the potential set of diagnostic features, the following indicators were selected: a) in the area of the socio-economic development: real GDP per capita (x 1 , current prices Indicators: x 1 , x 2 , x 4 , x 5 , x 6 , x 7 , x 8 , and x 12 are stimulants whose higher values indicate a higher level of development of the analyzed phenomenon. In contrast, the characteristics: x 3 , x 9, x 10 , and x 11 are destimulants, which means that they are indicators that have the opposite effect to the stimulant, i.e. lower values are desirable.
To assess the variability, a coefficient of variation in the subsequent years, calculated on the basis of the following formula was used:
where: j x -arithmetic mean of X, S j standard deviation of j-th feature, j = 1, 2, ..., m, m -feature count.
The lowest variation (the threshold value is usually assumed to be 10%, V s < 10%) occurred in public health (x 5 , x 6 , x 7 , x 8 ) and in the area of sustainable transport (x 11 ). These features, due to the low value of the coefficient of variation, have been eliminated from the set of potential diagnostic features. The same should be done for the features that are too strongly correlated with other features included in the study, because they are carriers of similar information.
The Hellwig's parametric method (1981) can be used for this purpose. In the paper, for the final set of diagnostic features, which has become a basis for further empirical studies, the following features have been selected: x 1 , x 2 , x 3 , x 4 , x 9 , x 10 , and x 12 .
Research stages and analysis method applied
The study was implemented through three tasks. In the first step, the disproportion between the EU Member States on the basis of headline indicators was analyzed. Then, for the study of the spatial differentiation of the EU sustainable development indicators, a taxonomic measure of development (z i ), determined on the basis of the standardized features, was used. In the research, according to the proposal of prof. Zeliaś, normalization of the features by setting a reference point was used, according to the following formula (Zeliaś et al., 2000) :
where: z ij -normalized value of j-th feature for i-th country, x oj -reference point for j-th diagnostic feature.
To transform destimulants into stimulants the following formula was implemented:
where: j x -mean value calculated for 28 analyzed countries in t year for j-th feature,
In the paper, three variants for the reference points were used: a) the mean value of the diagnostic feature in the first year of the analysis in 2008, and it is a so-called constant pattern (V1), b) the mean value of the j-th diagnostic feature in year t, thus in the following years a socalled changeable pattern (V2), and c) the coordinates of the 'pattern', thus the model object with the optimal values of the analyzed features, the maximum values for the stimulants, and the minimum for the destimulants (V3).
A taxonomic measure of development was determined on the basis of the standardized values of the diagnostic features, based on the formula (Nowak, 1990) :
where: z i -value of a taxonomic measure of development for i-object, z ki -standardized value of k-feature in i-object, K -number of features examined.
For the comparative analysis of the results of various variants, the following formula was used:
The arithmetic mean of the measure determined in this way equals one. This enables to conduct comparisons of the development of the objects characterized by many features. If the following inequality appears for the object examined: z i > 1, then the object examined reaches a higher level of development than the average in the whole set of objects. In the case when z i < 1, then the object examined reaches a lower level of development than the average in the set of the compared units (Nowak, 1990 ).
In the next step, the study was conducted in the dynamic perspective for all the analyzed years. Including time in the spatial differentiation of the sustainable development enabled to select the countries in which the improvement in the sustainable development is observable, and those in which the sustainable development is deteriorating, thanks to the possibility of using the methods of time series analysis (Zeliaś, 2004) . As a result of the transformation manner used, the analyzed features are measured in the interval scale. The dynamic analysis was, therefore, conducted using the methods which can be used in the case of this type of scales. The analysis of dynamics was conducted using the absolute chain increment on the basis of the formula (Zeliaś, 2000) :
where:
-absolute chain increment of a z i synthetic measure for an i object calculated for t and t + 1 time units. Subsequently, the average absolute increase was determined on the basis of the formula:
where: G i -average absolute increase of the z i synthetic measure for the i object.
In sustainable development studies, two approaches were considered for the reference point used in formula 1 and in transformation 2: a) the mean value for the UE from time unit t = 1 (for 2008) constant pattern, and b) the highest observed value for a given feature in a given time unit -a changeable pattern. describing: the area of public health (x 5 , x 6 , x 7 , and x 8 ) and the area of sustainable transport (x 11 ), the differences between the countries are relatively low. As it was indicated in the previous part of the paper, evaluating the coefficients of variation over the years for these characteristics is well below 10%, which, according to the standard selection criteria (Böhringer, Jochem, 2007) , is too low for the coefficient of variation, and these features should therefore be eliminated from the set of potential diagnostic indicators. As shown in Table 1 , the greatest disproportions between the analyzed EU Member States The results presented in Table 2 In the next step, the analysis of dynamics of synthetic measures of sustainable development according to 2 variants of patterns was conducted. Table 3 presents the values of the average absolute increase for the 28 EU countries estimated on the basis of the data from 2008 to 2015,
Study results
while Table 4 contains the descriptive characteristics of this increase. The values above zero (in Table 3 Figure 2 . The average absolute increments of sustainable development (in relation to the highest value changing in time)
Source: authors' own elaboration.
Conclusions
The results of the research presented in the study confirm the considerable variation in the pace and directions of changes in the EU Member States in certain areas of sustainable development monitored by Eurostat. The obtained results, depending on the methodological approach, differ from one another. It should also be noted that limitations of the analyses presented in this paper have to be taken into account. These limitations relate both to the selection of features used in the subsequent analyses, the determination of the nature of the effects of these features on the studied phenomenon, as well as the procedures used to convert the destimulants to stimulants, and the adoption of a specific standardization formula (BalDomańska, Wilk, 2011).
According to the results of the dynamic analysis presented in the paper, it can be seen that only a part of the EU Member States increased their synthetic measure describing selected areas of sustainable development.
This situation applies both to the relative model determined in relation to the state which in a given year can be obtained, and the model relative to the EU value in 2008. In the analyzed models, some differences in the order of the EU Member States in terms of the average rate of change were also observed. Despite these differences, the same countries were ranked the first (Ireland) and the last (Luxembourg) in both models.
The differences also apply to the average absolute increments in both analyzed models.
For the constant pattern, the average absolute increase for 2008-2015 was positive, which means that in most countries (18) the level of sustainable development estimated on the basis of headline indicators increased. On the other hand, in the case of a changeable pattern, the average absolute increase was negative, which means that for most countries (19) the distance between the best and the highest possible level in a given year increased.
The results of the analyses presented in the paper, taking into account the time factor used in the studies, allow us to trace the changes taking place in the selected areas of sustainable development not only in static, but also in dynamic terms. In this respect, they may be complementary to the more frequently analysed static studies in this area presented in the literature.
